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Desalination of High Concentration Brine by Membrane Distillation
— On Feasibility of a System Using Hot Brine in a Solar Pond as Feed Water —
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Abstract

A new desalination system is proposed which consists of a solar pond and a membrane distillation
process (thermopervaporation) . In this system, the hot brine with high salt concentration in the
bottoni of the pond is used as feed water. Since no information is available on membrane distillation
with such a high salt concentration brine, an experiment was conducted. As a result, it was clarified
that the product rate decreases with increasing salt concentration, and also the product water
quality degrades. However, the degradation is not so serious. For a brine of 20% salt concentration,
product rate was about 60% of pure water, and the electric conductivity was about 100 £ S/cm which
was within the recommended range for drinking water standard. These values indicate that the
proposed system can be realized with the merits of direct use of corrected temperature from the sun,

no auxiliary energy storage system and free from maintenance.

Key words : Solar energy, Solar ponds, Desalination, Thermopervaporation, Salt concentration,
Experiment

ZEOAEOHEY bEDHLNTWVE, L LAERD
INLOFETITREGT R VF —IRH O RELH»
FATERVEIASS, £IT, KB R LF-0

1. &

o)

A O OFEMRPFEROE P L - TARE P IRLME

L, BARBMEDEENEE> TS, BE, HRT
138 B#9 800 B b o iEkgkIL A TR b Tk Y
IDEHITIL KEBICRBE Lo THOHFRA D REH
2000 F k WOBRBERIZHEYT 2amunEah
THHW AL RREIIEERF L THBOERTH D
ZERMRTHHN, TOREICLIMBBE~OE
BHLBO TKRKE, WKRKLIISHELBELREED
ENATFRENTEY, TOTRAX-FHE L THEK
REOBANLLBRIILY —, LY biITABTF
NE-DFRACHFAFTEOND,

KB FNE— & FH LRk ORI
HodrvyA VEHEO-RELTITbh, XBEE
hEAVEBRBENERS L CHEREORE KD E
IZHETLTWA®S e KBSy E#ENHATS

128 EBTEXRETFEN

(F731-5193 EEHEAREE 2-1-1)
x ) LB TERETER
(Rt - ERRLIFEIZA 27H)

Journal of JSES

KEELERB THYRABCERS L LT H#ETS
V=T =R FORHA®E XL THE,

2. BRI A VAT LORE

RBETHVATLOEEX»RICRT, V-7~ K
v R AR A AL O FOKEUG  f= D AZHE T < IS
Th, TLTHK*BHEL CHRBEIE *{EDH, YV —
T =Wy FelERkgEKec iR+, E88e LT
DEBEIPSEH THLERMNHE VL TLIRABRELLEE
Fricmzx T, X FESMTILHE TEb 25 &K
REE»SOBGET 74 THBNICHBR TE LSRR
HAELTL D, ¥, Ry FoRBAkEHEKETH
oo b@ETHh2,

WAREAKALD FiEE L CRBEEE (SR8 E)
PRETDH, ZONERX AKEATAKEEI LV
FiAKEEHVDERETH Y, BIETH Y 20865k

DOFTAE B TESBRERBMEAE, LrbXERE

20004F




BRI X A BERNK OB

1 RBETDHHEAKRKIES AT A

EGREROTEEABO THE LV IFEEDHL, 20 N

BB B T O B A B A B AT O 6 s
BICHRTH D, BREERICBT 3 EKELELALA | 12
HK DRGEZI BT 55 LEADEERSLTY ! %
- . . ; e ] (V/qk—
. BOABRRY, Tk, FkE L TiEfEAKERY K } —_—— 7
% BB OB R CRIBEIC AT B 0TIk <, K KE o Ta
g HOBRMBERKEEEACD Z LT B, BHEKE L b <
g CHAY FORBKD B Ik 5k & R 5. s 10 R 9

no

WK BK AL S (B TSI LB A R AF — b LT
ROERIC U & A EIA R R Y AT, B X OUEREK

1 : FE 5 : Rk 9 BHKSY

PEEME TEDILDOR TBHANHD, bLLH o mEE 6 BEIK 10:b—p
v RERBFORREHNBRTER Y FOBREZES 3 T T Ak 117
HALCERRRES — Lo RBEALI ZLenTe, 4 AR—4 8 fEKFLYT 12 ARVY L
FOFTNIENE L RAF — % £ LEE LARVAT Y
AT BZRD, RyTEABRY KELBTHIERE K2 ERERE
B EEMOBEDLYE, HBEIVWEFT 4 -—EARET
LEWVWL, FFCE--THANRBELELOND, EMORBERKYBERFHIECILVIRKMETE 20 E

I BoTWBDT, RIBEEKOEKIEERE
3. RBEHAKOBRKILER 172 o7,

R2icEREBEXYFTT, RBRIILE 200mnx & &
IR EIC L AWK BAKAbIZ DV TR TITEZERE 300mm (HZEH 170mn X 270mn) O FEME & B IR (A
RO LRRINTVWAR, ZhiEEkic2WTiThb TV AR, EE 0. 3mm) & ALY &L A
NebDT, BBEHEKOHEIZ >N TOAHLEKIX LM EMOT L — ATHELTIFHOT, FBBICH

RYEoiv, ERLAS AT AORIARTIIR K CAReaAFTFT o P ARMO AT T v AT 4 A
F1 EBEMH
R ki [°C] & [1/min]
%) SRk ELS UK Ak
AO Ha AH HA 5
0 50 ~ 78 38 - 54 16 — 24 21 - 32 0.06 - 0.15 0.24 ~ 0.35
5 54 — 78 40 - 53 20 - 23 23 - 31 0.10 - 0.18 0.22 ~ 0.31
10 50 — 79 35 — 54 16 - 20 21 - 28 0.07 - 0.16 0.23 - 0.33
15 51 - 76 30 - 54 17 - 20 22 - 28 0.05 - 0.17 0.28 - 0.34
20 49 —74 38 — 55 16 — 17 21 - 25 0.13 - 0.16 0.30 ~ 0.34
25 51 - 77 38 — 55 14 - 15 19 - 22 0.13 - 0.14 0.30 ~ 0.32

Vol.26,No.4 —49- KBz RN E~




s — - INLFEE

ZEE
i HI AR

K wHK

M3 HEREOKDOWHE

(EE80um, FLE 0.1pym) ZEHALL, AN
K E AHKOTREEZ 2on 12, AEKOFRBEEL
Imm WZRFET D, ZORBREOFZBEBEMIZIIFKS
b REKEHRE L, BERANCIRGEIAKRS o2 b
BHAKEBH®E LA, BAT 70 EHELZEK (K
Bk) EEELEALERLAEK (FK) #Ah, &
—FEY—FEXE Yy MLV —EOKEERFE L,
WEIART 7 i3kERESRT A~ -7 o Bl L
L7, RBEHCHETIKOMBRARA I F LA
by 7oy FicEy, KEERBRTEOAOD L HAT
TERIBSEMC LV RE L, RBEICEKE HEKE
HEA L CKENREE LAOZRER LT, £EKE A
ALY FITEFD, ARy T UF v FOERERLEK
BEWEL SHABRIOKDHEE R LI LD
Th B,

FUIDEREZMGLELHTHY, SHOHELR
ERlUmanZBRGHLTLTWS,

4. EBRER

A ERBERERT, HOMESITEKELRED R
FEMERE Y ICHRE LEKRETHD, REHTEK
WK E DU B THRREEAP T, FHELS LR
USRI EDHER L,

_ (Ph! _Pc])_(PhZ “Pcz)
In (Phl _Pcl)

(th _Pcz)

AP

I TPRAKRICHTZEKE, BFEhL h2, cl, c2
HEnFhBEkoAD, Fkofn, sHkoAD,
BHAOHENTHE (ZORSHEXITROBE T, o
MEOBEITiEcl & c2 WD), 20K LYK
RIIMBEHEREEZ AL TRY, £/, EHR
EABEMT 5 EBP LTI ERbmrd,

H 5 BN BE ORI E D EKEORIES &

Journal of JSES

ST T T T A
S OEABE 0% o 57 =
4 |- ]
3L TN -
2 - 4 —
1 _
I | I | ! | L
8 f [ f I I I
5[ HISBE % © -
4 O —
O
3 L ]
O
2 - ]
1 _
| Lo [ |
6 L L A R B B
ST EATRE 10% -
4 |- ]
3 5 _
F o2 —
b -
« L [ [ | |
f‘g 8 |
WS = sy 15%
4 }— —]
3 _
2 _
- _
i 1 [ I | |
6 N EE I B B B
S OHAYERE 20% —
4 -
3 _
21— _
1 _
I [ | I | |
6 T T T ]
S HARE 25% -
4 _
3 -
2 AN —
1 ]
0 I M RO
0 50 100 150 200

THECEHEKEE [nuHg]
B4 EKkEOERER

TFLELOTHD, WRKOESBE (8 3.5%) 2K
THRITERBIZEK (0%) LBEEDS LRV, &

20004




S e

MR ki X 55 RER kORI

120

100

80

ROKROBIES (%)

0 | l | I
0 10 20 30

WARE (%]
WA RAE & EKE L OBK

15
3]

3
10 —

T T TTTIY
I ENEI

10?

T 1 IIHIIl

1 iIHILIj

lllHl

EXIGEE [ 1 S/em]

1.1 IIHHl

)
(=

0 10 20
HHRE [%)
M6 HAEEL EREKEEOBE

SBERELITHEMNT D & EREIBRS LT, L
PLEFORDESITFNTERE T, HEIRE
20% DE K THEKEBIIEKD 60%BEICEEE-
T, ERTIREKOESBELEAKNLKBIZHE
MEFETV212HBE (B4 50O s HrmRE
RHAOEE TV EE (R4FOAH) OEAIZD
WTIFR -7, WMECHAEENRDLARP ST
Edh, HABE OIS I EKBOBDS IEO
BRIz b0 T2, BRIZAFOHETHLLE
bha, WAKLORBEIERLIVSEUEETHIHER
BHETHAE—FEHOL L THEIRE 8% DOHKDIEK
FITH AT EBE 0. 5% DEAKIZHAATH 1/10 (b D
THEO D LEEZDHE, BEMEILY -T - KR FD
FIAIZBELEZFETHEENWD L ENTES,

X6 RAEEKOBLEEROMEERTH D, BN
BEOBMIZES > TEEKOBETHERIIHEML
HAOMBE 20% T 100u S, /en BEIZAR S, LL,
BBl K B T B RARERIT 20004 S, Sen AT (H
BEL 4004S, /cm BATF) EEDLN TR Y, AERIZ
LDABEKROKERXZIOEHEL+HITH A LTS,

Vol.26,No.4

(a) i AT L

80°C 70°C 45C

65°C 55°C 30°C
(b) BB AT b

7 EEVATLEBTHBRORT LEDHER

5. EHBEYAT L LT AT L DB

IITHRELEVATFALATRRY FEISOBBER
KEBWKICDEKEFTHEDT, BEEVa— RS
KX PNIFTRABBONIIFICHER AT LTH
ZILIIEBEAL LN, TRECAFEEZ LN DR
SATFLEHBLTHRD,

M7HEATLOBREFRAEZRLIZLDTH D, (a)
OEELVATLTEAERLFAIL L O ICHAKORE
BEKD 2L 5T 5, (b) DEITMY AT AILSF
BHLOLRE—OYAFATHEB, T2 THEKIEEE
Ca—LOFRETIREHKEZSTEY, ZThANRBKX
MBEEZ WKOBRTHRBLIBVWTHY FESO &R
B TMEBEh, WALOEZDDREKER > THEE
Sa— VIR, HICRLBREFIZEEANRELE
HMBEBBEYERLERECTH DM, FHRKE
EFERE VAT AT 12TmHg, BAZHE Y X T AT
71.3mmHg & 725, BUKOESBE*EHE S AT LT
20%, BRHL AT AT 0% ETHERADERR
By oy sk ELATE T 2.66 1/nh, #%HE T 2.41 1/nth
thr, Thbh, EEVAT ATHAKBE Y AT A
IV LH0%EL OHABELND Z LITRD,

BL, —okBEHEFTLAERICEALLER
BlzonwTobLDThHD, BEAIBEIZZ> THIEK
BOFOMRL R NBEREN T TIZHELET I Lk
WL, HAVESBERINAAHEELH> T, £ D
ANEEEVATF LR LY —BERICED, 28, &
REVATFLADERLEBETICHIEESREIZRY
AEOHEGLEELRIRELS D,

6. &

I

VS iy R LA E A bR KL
SAFAEREBRELSE, FLUBMERECLSKRKEE
BR A (T2, A BE T 20%IC78 o T HE/KERITHEK

KB LRIV F —




R — - MLEE

DB0%BEIZLMMET LAV &, £EKOKE LK
BKEBEZ TSI Y TEHIE, BHLMICL
oo BETAVATLATRY —7 - K FIRMERFEDE
IZ@gH L, MALBGL CHEREARLZ{FD, R
FERBKIZEMERKER VWS, L THRAKEOREKAITS
B TWARYyYFESOBRBEERE K TOFEH
WAHZEIRLTWAY, AERORER L VREBET
IEBEEKTHOHRKENPATRETHD Z LRI NE,
TDVAT AIROBEREES T D,

QY- -Fy FOEBREIZL > THMTHER
BEVWTHEERNRAETHD,

@F FEHOBBREEKEFEKETHOT, BE
Ca—NERr T EZHNIERABBEONDIEE
WAV AT LATHY, £, BRIZEDE
EETARVOTERL ZEE LR KBRICHDH
HT& 5,

@F > FEI TIERIC & 9 BD T 5884 Bk L
BrbLOBETSA  TEBMNICHBTE S,
@Ry FRE»DDEBE TR DK I UAEREK
ELTRbNZKIBBUKT 2K CREBEIZAR T

x5,

OBEREEIREKOMOLB LEBLHEROTY —
S—M FEHETIEIFTAA T FATY —D
VAT AERD,

IO DOBBITANRE TR, KRR TIIRER
WOBBIZELTEY, AERIZL > TEFOKIHEMN
BErdobh-nT, EBEOY -7 —KRr REEbics

Journal of JSES

AFLELTOEIFRBICEA THIENEELTVS,
fote, AEBILEB T ¥RS T LR E ¥R
Fb LTHBH - B THRASEOB N 2B TEES
n, FALEEBEE Sy ST Ty 7 AKRSH
IoREEZTLLOTHI L BRL, I TITEH
NEERLET,

BE LW

(1) BRER - &3 - & - B, BERORILEFEFHOFA
BCEHHT, 19914 6 H%5, 80-83

Q% v A UEE, FrRLF— - EEHINES
BRBEEAEERIEREE, BSAEARRKL
AT L, ERGTES B

(N or A aE, FoALX—  EERNKRE
BB EMEREREE, »AKRARK
{27 o, FER4E3A

4y sg - Fn4d, KBTHRL X —FfAEZEMEK
WKLY AT A OEEME, F36EERERY
o AEERCLE, 1999 4E 5 B, F143, 175-176

B)SFE - TR, BRERAEIZ L 2WAROEIFHRK
LM BT 29, FE 8 FE T Rt ¥
-EZERSHBEERESE, MIURTERIFE ¥
—, ¥ 844 A

(6) Use of Nuclear Reactors for Seawater
Desalination, 1AEA-TECDOC-574, TAEA, Wien,
1990

2000LF




